The impact of Ca and Si nano-scale structures on parameters and density of states of single-crystalline CaF 2 (111) was studied. ) the surface completely is covered by Ca atoms. It was shown that deposition of θ = 10 thick Si single layer on CaF 2 surface manifests island picture. The concentration of Ca and Si nano-scale phases on the surface of CaF 2 and the band gap of the phases were investigated as a function of (hν) of passing light. Nano-scale phases and nano-scale films of Ca were obtained by using the technique of bombardment with ions of Ar + of CaF 2 surface. Formation of nano-scale phases were accompanied by change in the composition and structure of CaF 2 zones located between the phases. These changes led to narrowing of the forbidden band of CaF 2 down to 7.5 -8 eV. The concentration of Ca and Si nano-scale phases on the surface of CaF 2 and the band gap of the phases were investigated as a function of (hν) of passing light.
Introduction
The creation of electronic devices of new generation (microwave nanotransistors, ultra-large integrated circuits, optical resistors, solar cells, etc.) is mainly determined by the production of new materials (nanocrystals, nanofilms, nanomaterials) and nano-layered structures with desired physical properties. In this Materials Sciences and Applications regard, one of the main problems of modern nanoelectronics is to obtain homogeneous silicon spatial quantum-dimensional structures on the surface of semiconductors and dielectric films.
Special significance is the phenomenon of self-organized formation of nanostructures (islands)-i.e. spontaneous formation of a large number of nanostructures due to the formation of the type "matrix-adsorbed atom" system itself.
Such structures can be obtained by deposition of atoms of various elements on the surface of special substrates. However, the size of these islands and the distance between them are random.
By creating certain conditions, it is possible to obtain regularly spaced and equally sized nanostructures of high stability. In particular, such magic clusters were obtained in [1] on a reconstructed (7 × 7) surface of atomically pure Si(111) by sputtering ~0.3 aluminum monolayer at T = 550˚C under ultrahigh vacuum conditions. In many cases, specially created defects or a reconstructed surface of a single crystal can be used as ordered nuclei. Our preliminary studies showed [2] that such defects can be created by the technique of low-energy ion bombardment in combination with annealing.
Over recently the composition, structure and electronic properties of CoSi 2 /Si, Si/CaF 2 , CaF 2 /Si, SiO 2 /Si nanoscale hetero-structures have been investigated by several researchers [3] - [8] . The above structures might be used in the fabrication of Metal-Oxide-Semiconductor (MOS) and Semiconductor-Insulator-Semiconductor (SIS) structures, barrier layers, and contacts for various devices [8] [9]. However, little or practically no significant research was done aimed at studying physical properties of surface of dielectric samples with embedded nano-scale crystals of metals and semiconductors. This paper is devoted to the study of the composition, structure and electronic 
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Results and Discussion
Photoelectron energy distribution curve (EDC) for CaF 2 which was exposed to ions beam of Ar + with E0 = 1 keV with various doses is shown in Figure 1 is approximately χ ~0.1 eV, therefore it can be assumed that the width of its band gap E g is ~12 eV. In the initial nearby section of the spectrum at energies of photoelectrons of 4 and 7.5 eV slightly intensive peaks are witnessed. The peak at E phe ≈ 7.5 eV might be due to the presence in lattice sites of a certain concentration of Ca that does form bonds with fluorine atoms, whereas the occurrence of the peak at hν = 4 eV might presumably be attributed to the presence of surface states.
The bombardment of СаF 2 by Ar + ions as a function of the dose of ions leads to the change in the composition and electronic structure of its surface layers.
Precedent to dose levels D = 10 13 cm −2 there is no noticeable change in the structure of the curve I (hν).
Increasing dose to D = 5 × 10 14 cm −2 leads to broadening of EDC, decrease of the intensity of the main peak (E phe ≈ 14 eV) and the quantum yield of photoelectrons, as well as causes the displacement of the beginning of spectrum (the edge of the valence band EV) towards lower energy levels. Meanwhile, amplitude of the peak at E phe ≈ 7.5 eV is slightly increased, and especially in the It is believed that 70% -75% of the surface of СаF 2 is covered with Si film. In the case of films of θ = 15 monolayers thick, in the range of hν = 0.8 -1.1 eV the intensity I decreases from 7.5 -8 to virtually zero, i.e. the surface appears to be completely covered by Si atoms.
Summary and Conclusions
One can believe that as a result of bombardment of СаF 2 with Ar + ions and depending on irradiation dose one can witness change in the electronic structure of the surface layers of ingot samples which is explained by the formation of nanocluster phases of Ca in the exposed areas of СаF 2 , as well as by changes in the composition and structure of interphase (non-irradiated) areas. consisting of Si films as well as defining the E g of Si islands. In particular, at θ ≈ 5 monolayers the degree of coverage was 70% -75%, and the silicon E g ~1.1 eV.
